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SiGe beats boron problem
SiGe BiCMOS HBT technology is in pro-
duction and millions of devices have
found their way into commercial systems.
In RF, and soon in high speed datacoms,
the SiGe market has plenty of room for
expansion. That is not to say that all the
challenges have been met. This overview
takes a look at some recent progress in
the optimisation of SiGe and SiGe(C) in a
UK project.
It is clear that SiGe BiCMOS will increas-
ingly become the mainstream technology
for both wireless and optical communica-
tion applications.To illustrate one of the
technical challenges, a UK project has
recently been completed, which shows
good results.
The project looked into overcoming the
main factor that limits SiGe HBT per-
formance: boron diffusion. Other aspects
included SiGe(C) HBTs on wafer bonded
SOI substrates. Collaborators were the
Universities of Surrey, Liverpool,
Southampton, Queens University, Belfast,
and Imperial College, as well as a good
degree of industrial affiliation.
The project was the first to demonstrate
that fluorine reduces boron thermal diffu-
sion in silicon. SIMS and TEM confirm that
above a critical F+ 0.9-1.4x1015cm-2 the flu-
orine suppresses boron thermal diffusion.
This appears as a shallow fluorine peak on
the SIMS profile in the vicinity of the boron
marker layer, as shown in the Figure.
Other notable achievements in this proj-
ect include the creation of a method of
tuning the gain of a SiGe HBT to give the
optimum value of BVCEO for a given appli-
cation.An unplanned, and unexpected,
outcome of the project was the discovery
of a method of growing carbon nanotubes
(CNT) without the use of a metal catalyst.
The team are convinced this has great
potential, because it eliminates contamina-
tion associated with the traditional metal
catalyst and is compatible with main-
stream silicon technology.
There is also the prospect of merging
CNT devices into silicon VLSI technology.
The team invites enquiries on any of these
developments. (See end-of-article details.) 
There has already been considerable
interest from industry, such as the wafer
bonding work, thanks to its application
for smart power. National Semiconductor
(Greenock) has expressed an interest in
the results of the project and the project
leaders are in discussion with two com-
panies about a submission to the DTI, to
fund work on the use of fluorine in pro-
duction CMOS technology and develop
commercial simulation models, to allow
the optimisation of the fluorine effects
on boron diffusion.
Professor Peter Ashburn, School of
Electronics and Computer Science at the
University of Southampton, comments:
“The project finished at the end of last
year, but fluorine has been one of my pet
projects for a number of years. It does
some remarkable things both in silicon,
where it suppresses boron diffusion, and
at oxide/silicon interfaces, where it passi-
vates interface states, among other
things.
“My interest in fluorine arose when we
were studying pnp polysilicon emitter
bipolar transistors and when we implant-
ed the emitter using BF2.
“Also the fluorine completely eliminates
transient enhanced diffusion (TED) of
boron, as well as reducing boron thermal
diffusion.The TED suppression is actually
more important than the thermal diffu-
sion suppression. In fact via collaboration
with a company we have actually
achieved a world record fT in a silicon
bipolar transistor of 110GHz, using fluo-
rine to suppress the boron diffusion.This
clearly demonstrates the potential of flu-
orine for diffusion suppression.
“We had struggled for two years trying to
understand the strange results that we
were obtaining, until we started looking
at what the fluorine was doing. Since
then we have looked at fluorine in a vari-
ety of technologies and have found some
fascinating and very beneficial behaviour
in a wide variety of devices”.
Professor Ashburn says fluorine is easy to
implant, which is another benefit for
making the technology production-ready.
"We just pick up the fluorine signal from
BF2, which is commonly available in ion
implanters”.
Contact: Prof Peter Ashburn, Nanoscale
Systems Integration Group, School of
Electronics and Computer Science, University
of Southampton, Highfield, Southampton,
Hants, SO17 1BJ UK. 
Tel: +44 (0)23 8059 2886. 
Email: pa@ecs.soton.ac.uk
Roy Szweda
Fluorine effects on boronT E C H N I C A L F O C U S
Combination of wafer bonded buried silicide lay-
ers with a SiGe HBT grown using selective epi-
taxy for the Si collector and non-selective epitaxy
for the SiGe base and Si emitter cap.
Suppression of boron diffusion in Si using a deep
fluorine implant [See: H.A.W. El Mubarek,
P.Ashburn; "Reduction of boron thermal diffusion
and elimination of boron transient enhanced dif-
fusion in silicon by high energy fluorine implanta-
tion"; Applied Physics Letters, 83 (20), 4134-
4136 (2003). (SIMS analysis carried out at
Loughborough Surface Analysis Ltd.).
